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SYNOPSIS
The thesis entitled “Total Synthesis of (+)-Aspicilin, (+)-Bourgeanic Acid, Stereoselective Synthesis of C13-C26 fragment of 53-deoxo-Sanglifehrin A and Development of New Methodologies” is divided into four chapters.
CHAPTER I	:   This chapter is divided into two sections.
Section A	: 	This section deals with the introduction to macrolactones and a brief account of earlier approaches toward the synthesis of (+)-Aspicilin.	    
Section B	: 	This section deals with the Total synthesis of (+)-Aspicilin from D-mannitol.  
CHAPTER II	: 	This chapter is divided into two sections.
Section A	:	This section deals with the introduction of antimicrobial compounds and earlier synthetic approaches of (+)-Bourgeanic acid.
Section B	:	This section deals with the chemoenzymatic approach to total synthesis (+)-Bourgeanic acid.
CHAPTER III	:	This chapter is divided into two sections.
Section A	: 	This section deals with the Introduction of immunosuppressants 
	  and   earlier synthetic  approaches of Sanglifehrin A.
Section B	:	This section deals with the Stereoselective synthesis of C13-C26
	  fragment of 53-deoxo-Sanglifehrin A.  
CHAPTER IV	: 	This chapter is divided into two sections.
    Section A	: 	Copper(II)-catalyzed allylation of propargylic and allylic alcohols 
		by allylsilanes: a facile synthesis of 1,5-enynes.
    Section B         :  	Iodine as a versatile catalyst for the hydroalkylation of vinyl arenes  	with 1,3-diketones.



Section A: This section deals the with the Introduction to macrolactones and brief account of the reported synthesis of (+)-aspicilin by various research groups. 
Section B: This section deals with the total synthesis of 18-memberd macrolide (+)-Aspicilin. 
	(+)-Aspicilin 1, an 18-memberd macrolide was first isolated in 1900 by Hesse from various lichens of the Lecanoraceae family. Although no unique biological activity has been attributed thus far to aspicilin, this natural product has attracted attention from synthetic chemists because of its challenging architecture having an 18-memberd-macrolide structure with three contiguous chiral centers (Figure 1).

Figure 1
	As part of our interest in the total synthesis of various complex natural products, we herein, report a convergent approach for the total synthesis of (+)-Aspicilin. D-Mannitol was used as the chiral pool material for the synthesis of an olefinic aldehyde 3 and a Jacobsen hydrolytic kinetic resolution was employed for the synthesis of an olefinic phosphonate ester 4.
	According to our strategy, (+)-Aspicilin 1 could be synthesized from fragments 3 and 4 via the Masamune-Roush olefination and a subsequent Ring-Closing Metathesis (RCM) of ester 2 for the formation of macrocycle 1. Fragment 3 could be prepared from D-mannitol 7 by a sequence of reactions and fragment 4 could be achieved from commercially available 1,12-dodecanediol 8 (Scheme 1).


Scheme 1. Retrosynthetic analysis
	The synthesis of olefinic aldehyde fragment 3 began from D-mannitol 7. Protection of the four outer hydroxyl groups of D-mannitol 7 as di-acetonide followed by di-benzylation of the remaining internal alcohols according to the reported procedure gave compound 9 in 95% yield over two steps. Selective hydrolysis of one of the acetonides in compound 9 using Conc. HCl afforded compound 10 in 60% yeild which on treatment with triphenylphosphine, imidazole and iodine gave the olefin 5 in 85% yeild. Deprotection of acetonide 5 with 60% aqueous acetic acid gave the diol 11 in 62% yeild, which was converted into di-TES ether 12 by treating with TESCl and imidazole in dichloromethane gave 12 in 85% yeild. Selective oxidative deprotection of the primary TES ether 12 by Swern-oxidation conditions afforded the desired olefinic aldehyde 3 in 80% yield (Scheme 2).

Scheme 2. The synthesis of olefinic aldehyde fragment 3
	The synthesis of fragment 4 began from commercially available 1,12-dodecanediol 8. Accordingly, diol 8 was converted to mono-benzyl ether using BnBr in the presence of NaH to afford compound 13 in 45% yield. compound 13 was subjected to iodination  with iodine, triphenylphosphine and imidazole to gave iodo compound 14 in 92% yield. Then, the iodo compound 14 was treated with tBuOK to afforded olefin 15 in 96% yield. olefin 15 reacted with m-CPBA in CH2Cl2 furnished racemic epoxide 16. Compound 16 was subjected to a Jacobsen hydrolytic kinetic resolution (HKR) with 0.55 equiv of water using (R,R)-Jacobsen catalyst gave enantiomerically pure epoxide 17a ( >98% ee by chiral HPLC) and diol 17b each in 45% yield (Scheme 3).

Scheme 3
	Regioselective ring-opening of epoxide 17a with LiAlH4 gave the secondary alcohol 6 in 94% yeild. Subsequently, compound 6 was protected as its TBS ether using TBSCl in the presence of imidazole in CH2Cl2 gave TBS ether 18 in 92% yield and then subjected to debenzylation using Birch conditions to afford the primary alcohol 19 in 94% yield. Compound 19 was further converted into iodo compound 20 using iodine, triphenyl- phosphine and imidazole. compound 20 treated with with tBuOK in THF to afford olefin compound 21. Deprotection of TBS ether with TBAF furnished compound 22 in 90% yield. Then the coupling of the resulting alcohol with 2-(diethoxyphosphoryl)acetic acid using DCC furnished the olefinic phosphonate ester 4 (Scheme 4).

Scheme 4 The synthesis of olefinic phosphonate ester fragment 4
	The union of fragments 3 and 4 was achieved by using Masamune-Roush conditions. Accordingly, aldehyde 3 was treated with phosphonate ester 4, lithium chloride and Hünig’s base at room temperature to give a pure α,β-unsaturated ester 2 in 84% yield column chromatography. The compound 2 possessed all the structural requirements as well as the sense of chirality to be converted into target macrolide via the ring closing metathesis (RCM) reaction. The RCM reaction provides a remarkable scope for the synthesis of medium sized rings and macrocyclic products and is being used extensively. The presence of a suitable functionality and its distance from the olefins play key roles in the success of the metathesis reaction. Thus treatment of the diene 2 with 10 mol% Grubb’s II catalyst under high dilution conditions  (0.001 M in DCM) gave macrocyclic diene  compound 23 in 78% yield (E/Z isomers in 4:1). Treatment of the macrocyclic diene ester 23 using palladium on barium sulfate in ethyl acetate to undergo Partial hydrogenation of the double bonds in 23 gave fully protected targent molecule 24 in 95% yield. Global deprotection of compound 24 using TiCl4 (1M in DCM)  afforded the target molecule (+)-Aspicilin 1 as a white solid in 86% yield. (m.p. 151-153 oC, [α]25D +36.7 (c 0.11, CHCl3). The spectral and analytical data of compound 1 were in agreement with the data reported in literature (Scheme 5).


Scheme 5
	In conclusion, we have demonstrated a convergent total synthesis of polyhydroxy macrolide (+)-Aspicilin 1 from commercially available and cost-effective starting materials D-mannitol and 1,12-dodecanediol. The overall yield in the synthesis of (+)-Aspicilin was 8.6% in 11 steps starting from D-mannitol. Our approach is superior than previous reports in terms of number of steps in synthesis of crucial fragment. The synthesis utilizes simple and straightforward reactions such as Swern-oxidation, Masamune-Roush olefination, Ring Closing Metathesis (RCM) and Jacobsen hydrolytic kinetic resolution (HKR) as key steps.



                                
Section A: This section describes introduction of antimicrobial compounds and earlier synthetic approaches of (+)-Bourgeanic acid.
Section B: This section describes the chemoenzymatic approach to total synthesis (+)-Bourgeanic acid.
	 A first member of the lichen metabolites of a new class of naturally occurring aliphatic depsides, (+)-Bourgeanic acid 25 was isolated by the Bodo group in 1973 from the species of lichen Ramalina. The structure of 25 was deduced by the same group as an esterification product of two molecules of (–)-hemibourgeanic acid 27 ((2S,3S,4R,6R)-2,4,6-trimethyl-3-hydroxyoctanoic acid), which was confirmed by saponification of 25 gave the (–)-hemibourgeanic acid 27 and the absolute configuration was proposed after X-ray crystallographic analysis of its p-bromophenacyl ester. An interesting property of the (+)-Bourgeanic acid 25, distinguished by Bodo, was the formation of an eight-membered dilactone (bourgeanic lactone) 26 under mild dehydrating conditions. In view of the difficulty usually associated with the synthesis of eight-membered cyclic structures, the facility with which formation of compound 26 occurs is remarkable. Conformational analysis of the dilactone showed that, it contains an eight-membered ring with a crown shaped conformation with C2–axis of symmetry and all the substituents in 

Figure 2. Structures of (+)-Bourgeanic acid 25, Bourgeanic lactone 26, and (–)-Hemibourgeanic acid 27.
equatorial orientation, a feature that undoubtedly contributes to the ready formation of this eight-membered structure (Figure 2).
	First total synthesis of (+)-Bourgeanic acid 25 was reported by James D. White et al. using (S)-N-propionylprolinol mediated asymmetric alkylation and condensation reaction with (E)-crotylboronate (Roush’s modified procedure). Recently, Bernhard Breit et al. reported the second total synthesis, using the o-DPPB (o-diphenyl phosphanyl- benzoyl) directed with Grignard derived organo-copper mediated allylic substitution and Sharpless asymmetric epoxidation as key steps. The wealth of biological functions and polyketide units  chemical structure prompted us to initiate a program aimed at the total synthesis of  (+)-Bourgeanic acid 25  by enzymatic desymmetrization strategy, which associated with the desymmetrization of meso-diol and subsequent stereoselective transformations to create contiguous stereocenters. 
Our retrosynthetic analogy for Bourgeanic acid 25 was depicted in Scheme 7. It illustrated that (+)-Bourgeanic acid could be obtained by the partial saponification of bourgeanic lactone 26, which in turn could easily be obtained from (–)-hemibourgeanic acid 27 using Yamaguchi macrolactonization.  Compound 27 could be prepared from diol 28, which would be easily obtained from compound 29 by the sharpless asymmetric epoxidation followed by epoxide ring opening reaction. The intermediate 29 was assumed to be synthesized in a stereoselective manner involving enzymatic desymmetrization approach, Wittig reaction and followed by DIBAL-H reduction. (Scheme 6).

Scheme 6. Retrosynthetic strategy
	Accordingly, we began our synthesis from cis-4,6-dimethyl-cyclohexan-1,3-dione 31,  which was synthesized by the condensation of methyl methacrylate with 2-butanone 32 in the presence of NaOMe. Thus obtained 1,3-dione 31 was then converted into the corresponding diacid by means of periodate oxidation. Reduction of diacid with LiAlH4 in THF at 0 oC gave the meso-diol 33 in 98% yield. Desymmetrization of meso-diol 33 using Lipase-AK and vinyl acetate  in THF at ambient conditions gave the mono acetate 30 in 47% yield with >95% ee along with the meso-diacetate. Thus obtained meso-diacetate was again converted into meso-diol using NaOMe in methanol. The mono acetate 30 was protected as its silyl ether using TBDPSCl and imidazole in CH2Cl2 silyl ether compound 34 in 98% yield.Then  compound 34  treated with NaOMe in methanol to furnish the desired primary alcohol 35 in 97% yield. The primary alcohol of 35 was tosylated using p-TsCl, Et3N, DMAP in CH2Cl2 to afford the tosylate 36 in 98% yield. The compound 36 was subjected to Gilman’s reaction with of dimethyllithiumcuprate (Me2LiCu) in Et2O at –25 °C to afford methylated product 37 in 92% yield. Further desilylaton of compound 37 using TBAF in THF gave the alcohol 38 in 95% yield (Scheme 7).

Scheme 7
	The resulting alcohol 38 was then subjected to Swern oxidation followed by Wittig olefination using Ph3PCHCOOEt to afford the α,β-unsaturated ester 39 in 80% over two steps. Reduction of compound 39 using DIBAL-H gave an allylic alcohol 29 in 92% yield which was then subjected to the Sharpless asymmetric epoxidation  using Ti(OiPr)4, (+)-DET and TBHP to afford an epoxide 40 in 85% yield. Ring opening of the epoxide 40 with Me2CuCN(Li)2 gave the 1,3-diol 28 in 84% yield. Selective oxidation of 1,3-diol 28 using TEMPO and BAIB afforded the  β-hydroxy aldehyde, which was oxidized under Pinnick conditions (NaClO2, NaH2PO4.2H2O) to accomplish the (–)-hemibourgeanic acid 27 in 75% yield over two steps. 1H NMR, 13C NMR analysis and [α]D27 = –3.5 analysis were in good agreement with literature data (Scheme 8). 

Scheme 8
	Yamaguchi macrolactonization using 2,4.6-trichlorobenzoyl chloride, Et3N, DMAP under dilute conditions afforded the bourgeanic lactone 26 in 85% yield. This was confirmed by the analysis of 13C NMR spectrum, which showed only 11 signals (Including cyclic ester C=O at δ 176.4), thereby proving that the dilactone possesses C2 symmetry. Finally, reagent (1.0 equiv. of LiOH) controlled LiOH mediated partial hydrolysis (saponification) of dilactone 26 in THF:H2O (1:1) afforded the target natural product (+)-Bourgeanic acid 25 ([α]D27 +7.0) within 30 min. in 54% yield. Complete hydrolysis (saponification of dilactone) was observed when the reaction was stirred for more time and excess reagent (1.5 h, 2.5 equiv. of LiOH) used to afford (–)-hemibourgeanic acid 27 quantitatively. The spectral and physical data of (+)-bourgeanic acid, bourgeanic lactone, (–)-hemibourgeanic acid were in good agreement with the literature (Scheme 9).
 

Scheme 9
	In conclusion, a highly stereoselective total synthesis of (+)-Bourgeanic acid via bourgeanic lactone and (–)-hemibourgeanic acid was achieved. Key features of this synthesis are enzymatic desymmetrization of meso-diol. Sharpless asymmetric epoxidation, Gilman’s reaction, Yamaguchi lactonization and LiOH mediated partial hydrolysis of the eight-membered cyclic dilactone to obtain the target natural product in an overall yield of 14.7%. 

                                 	    
Section A: This section deals with the brief introduction of the immunosuppressive macrolides and their significance in the natural products, with respect to cytotoxicity, and earlier synthetic approaches of Sanglifehrin A.
Section B: This section describes the stereoselective synthesis of C13-C26 fragment of 53-deoxo- Sanglifehrin A.
	The highly potent immunosuppressive natural product Sanglifehrin A 41, isolated from Streptomyces flaveolus (A92-308110), which was found in soil samples collected at Dembo-Bridge (Malawi) by a group of scientists from Novartis. Sanglifehrin A acts as a potent inhibitor of the mitochondrial permeability transition and reperfusion injury of the heart by binding to cyclophilin-D at different site from cyclosporin A. It has high affinity towards cyclophilin A and having ability to inhibit the mitrogen-induced B-cell 

Figure 3. Structure of Sanglifehrin A (41)
proliferation without influencing T-cell receptor-mediated cytokine production. It was found to exhibit significant biological properties like strong cyclophilin A binding         (20 fold higher affinity than cyclosporin) and immunosuppressive activity (10-fold less potent than cyclosporin). It has a complex molecular structure consisting of a                 22-membered macrocyclic ring with an unusual peptidic backbone and consisting of highly substituted spirobicyclic moiety [5.5]spirolactam subunit, and its molecular structure has been fully elucidated by spectroscopic and X-ray crystallographic techniques. Its novel structural features, seventeen stereogenic centers, and sensitive functionalities coupled with its important biological activity make Sanglifehrin A (Figure 3) as an attractive synthetic target for several groups worldwide. The relatively low immunosuppressive activity of Sanglifehrin A in comparison to its high affinity for CyP could be the result of poor cell permeation due to the presence of polar hydroxy and keto functions. Rolf  Banteli et. al. found that by reducing the number of polar groups could lead to increased cell permeation and would reveal their importance for the immunosuppressive activity. As a part of our on going program in the synthesis of immunosuppressive molecules,  we started synthesis of 53-deoxo-Sanglifehrin A 42 is one of the analogues of Sanglifehrin A having one keto group less in its structure.


Figure 4. Structure of 53-deoxo-Sanglifehrin A (42)
	Scheme 10 discloses the retrosynthetic analysis of the 53-deoxo-Sanglifehrin A 42, explains the overall strategy involved in the present synthesis. Inspection of the structure of 42 revealed that it could be synthesized from macrocyclic aldehyde 43 which could be obtained from polyketide key fragment 44 which in turn could be synthesized by Julia-Kocienski olefination reaction between sulfone fragment 45 and aldehyde fragment 46. 

Scheme 10 Retrosynthetic analysis of 53-deoxo-Sanglifehrin A

Sulfone fragment  45 could be obtained from the β–hydroxy ester 47 which in turn could be prepared from prenol 48 by Sharpless Kinetic resolution strategy. Aldehyde 46 could be could be derived from primary alcohol 49 which in turn could be prepared from D-malic acid 50 using Seebach alkylation step.
Synthesis of Sulfone fragment 45:  As described for the synthesis of sulfone fragment 45, we started from commercially available prenol 48. Accordingly prenol was protected as its PMB ether 51 using NaH and PMBBr with catalytic amount of TBAI in anhydrous THF to afford 90% yield. Allylic oxidation of 51 thus formed with SeO2 and tBuOOH delivers allylic aldehyde and alcohol (3:2) mixture which was converted to aldehyde 52 with 45% yield for two steps. Aldehyde compound 52 was converted to racemic β-hydroxy ester 53 in 84% yield by treatment of Zn-Cu Couple with ethylbromo acetate. To get the required stereocentre for secondary hydroxyl group of compound 53 we applied the Sharpless asymmetric kinetic resolution method. The Sharpless asymmetric kinetic resolution of racemic secondary allylic alcohol 53 yields chiral secondary allylic alcohol 47 in 45% under the (-)-DIPT, Ti(OiPr)4 and TBHP at -20 oC conditions. 

Scheme 11
	Etherification of the secondary hydroxyl group of 47 by using MOMCl and DIPEA in CH2Cl2 afforded compound 54 in 90% yield. Reduction of ester 54 by using DIBAL-H in CH2Cl2 afforded the compound 55 in 88% yield. The resulting compound 55 on Swern oxidation followed by condensation with Ph3P=CHCO2Et in benzene yielded compound 56 in 85% yield over two steps and subsequent chemoselective reduction of α, β-unsaturated ester 56 using DIBAL-H furnished allyl alcohol 57 in 88% yield. The allylalcohol was treated under Mitsunobu reaction conditions with 1-phenyl-1H-tetrazole-5-thiol, TPP and DIAD in THF delivered the sulfide 58 in 82% yield. The sulfide was oxidized to the coupling partner sulfone 45 in 70% yield using catalytic amount of ammonium molybdate with hydrogen peroxide as the stoichiometric oxidant in ethanol solvent (Scheme 12). 

Scheme 12 Synthesis of Sulfone fragment

Synthesis of aldehyde fragment 46:  
	The aldehyde fragment 46 was derived from commercially available D-Malic Acid 50. Using the procedure reported by Seebach, Dimethyl Malonate 59 (prepared from Malic acid in MeOH/H2SO4, reflux) was alkylated with MeI and LDA in THF to give alcohol 60 (80% yield) along with its syn diastereomer (Stereoselectivity = 8:1). Reduction of 60 using LiAlH4 /reflux, provided the triol compound in excellent yield. The triol was selectively protected to give TBS ether 61 via a dibutyltin ketal intermediate 60a, 70% yield over three steps. The resulting diol 61 subjected to selective O–benzylation of the primary hydroxyl group by using BnBr and NaH furnished the compound 62 in 88% yield. protection of the secondary hydroxyl group of 62 by using MOMCl and DIPEA in CH2Cl2 afforded compound 63 in 90% yield. Further, desilylation of compound 63 was carried out by using TBAF (1M in THF) to obtain the primary alcohol 49 in 86% yield (Scheme 13).

Scheme 13
	Oxidation of the alcohol 49 by Swern conditions followed by condensation with Ph3P=CHCO2Et in benzene yielded α,β-unsaturated ester 64 in 85% yield over two steps and subsequent chemoselcective reduction of α,β-unsaturated ester 64 using DIBAL-H as reducing agent furnished allyl alcohol 65 in 88% yield. Allylic alcohol 65 under Sharpless conditions was converted smoothly into epoxide 66 using (-)-DET, Ti(OiPr)4, and TBHP at -20 oC for 6h in 85% yield. The regioselective opening of epoxide with Gilman’s reagent (Bu2CuLi) in dry ether at -40 oC furnished 1,3-diol product 67 in 72% yield. The Diol 67 was subjected to silylation by using TBSOTf and 2,6-lutidine in CH2Cl2 to furnish the fully protected compound 68 in 94% yield (Scheme 14). The compound 68 on treatment with catalytic amount of Pd/C (10%) under hydrogen balloon pressure to obtain debenzylated primary alcohol 69 in 92% yield. Further, oxidation of the primary alcohol 69 with Dess-Martin periodinane at 0 °C furnished aldehyde 46 in 78% yield (Scheme 14).

Scheme 14 Synthesis of aldehyde fragment
	Having succeeded in achieving the key intermediates with required stereochemistry, our attention was turned on to carbon elongation. With sulfone fragment 45 and aldehyde  fragment 46 in hand, we undertook the coupling of these components using Julia-Kocienski olefination reaction condition. The Julia-Kocienski olefination was carried out using KHMDS at -78oC afford the fully protected C13-C26 polyol fragment 44 of 53-deoxo-Sanglifehrin A in 68% yield (Scheme 15).





Scheme 15
	Thus the stereoselective synthesis of the C13–C26 fragment (44) of immunosuppressant 53-deoxo-sanglifehrin A was achieved in an overall yield of 9% in a linear sequence of 14 steps and further work to complete the total synthesis of the molecule is now under progress in the laboratory. The key steps involved in this synthesis are Reformatsky, Sharpless Kinetic Resolution, Seebach alkylation, Sharpless asymmetric epoxidation, Gilman’s, and Julia-Kocienski olefination reactions.
			

Section A:  This section deals with the Copper(II)-catalyzed allylation of propargylic and allylic alcohols by  allylsilanes: a facile synthesis of 1,5-enynes
	The stereoselective addition of allylmetal reagents to aldehydes referred to as the Barbier reaction has been recognized as one of the most efficient methods for carbon–carbon bond formation and has been extensively used in organic synthesis, especially in natural products synthesis. Aryl 2-propynyl alcohols or acetates are well-known carbon electrophiles capable of reacting with various nucleophiles and their ability to undergo nucleophilic substitution reactions contributes largely to their synthetic value. Aryl 2-propynyl alcohols undergo smooth allylation with allyltrimethylsilane in the presence of 10 mol % of Cu(BF4)2 in CH3CN as solvent at room temperature to furnish the corresponding 1,5-enynes in good to excellent yields and with high selectivity. 2-propynyl alcohols bearing methoxy groups on aromatic ring gave comparatively high yields than non-methoxy 2-propynyl alcohols. (Scheme 16).

Scheme 16
	Similarly, various aryl 2-propynyl alcohols underwent smooth allylation with allyltrimethylsilane to afford the corresponding pent-4-en-2-yl benzene derivatives in high yields. In all cases, the reactions proceeded rapidly at room temperature. Interestingly, doubly activated aryl 2-propynyl alcohols reacted effectively with allyltrimethylsilane to furnish 1,5-enynes in high yields. Further allylation of (E)-1,3-diphenylprop-2-en-1-ol underwent smooth coupling with allyltrimethylsilane under these conditions. When we use the catalyst Sc(OTf)3 for the same reaction instead of Cu(BF4)2 the gave more or less same results. The scope and generality of this process are illustrated with respect to various aryl 2-propynyl alcohols and allylsilanes. 

Scheme 17


Scheme 18

	In summary, we have demonstrated a simple, convenient and efficient protocol for the allylation of aryl 2-propynyl-ols using allyltrimethylsilane. In addition to its efficiency and mild reaction conditions, this method provides high yields of products with high selectivity, which makes it a useful and attractive process for the synthesis of 1, 5-enynes from aryl propargyl alcohols.

Section B: This section deals with the hydroalkylation of vinyl arenes with 1,3-diketones in presence of Iodine catalyst.
	The hydroalkylation of alkenes is one of the most common methods for C–C bond formation with different nucleophiles. The development of carbon-carbon bond formation via an overall structural isomerization such as the hydroalkylation of alkenes represents the most atom-economical approach for chemical synthesis. Recently, molecular iodine has received considerable attention in organic synthesis because of its low cost and ready availability. The mild Lewis acidity associated with iodine has enhanced its use in organic synthesis to perform several organic transformations using stoichiometric levels to catalytic amounts. Hydroalkylation of  vinyl arenes with 1,3-diketones using 10 mol% of molecular iodine under refluxing conditions in toluene gave the corresponding 1,3-dicarbonyl compounds.

Scheme 19

	Readily available styrene 78 with acetylacetone 79 in the presence of 10 mol % of I2 was proceeded well in toluene at 110 oC and the product 3-(1-phenylethyl)-2,4 pentanedione 80 was isolated in 92% yield (Scheme 19). Interestingly, various vinyl arenes such as p-methyl-, p-t-butyl-, p-chloro-, p-methoxy-, o-bromo and β-naphthyl underwent smooth hydroalkylation with acetylacetone under identical conditions gave products in excellent yields. Furthermore, the cyclic olefin like indene 81 also participated well in this reaction to give the corresponding 3-(2,3-dihydro- 1H-1-indenyl)-2,4-pentanedione 82 in good yield. 

Scheme 20


Scheme 21

	Subsequently, we studied the reaction of alkenes with different β-diketones such as 3-methylacetylacetone 84, dibenzoylmethane and 1-phenylbutane-1,3-dione. The scope and generality of this process are illustrated with respect to various olefins and 1,3-diketones. 
	In summary, we have described a simple and efficient protocol for the intermolecular hydroalkylation of vinyl arenes with 1,3- diketones using iodine as a catalyst under neutral conditions. The remarkable features of this procedure are atom efficiency, high conversions, operational simplicity and ready availability of reagents at low cost.
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